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Preface

FOR MANY YEARS the Bureau of Reclama~
tion has been engaged in the design and con-
struction of penstock branch connections,
or wye branches, of various types. As a
result of these studies, methods of analysis
have been developed which incorporate a
number of improvements on methods that
were available before those described in
this monograph were devised.

The standard procedure presented in the
monograph systematizes and condenses the
computing processes. Tabular forms for
numerical integration and solution of the
deflection equations and for stress comput-
ations have been completed withillustrative
examplesand are included. By usingthese

forms, procedural mistakes and numerical
errors will be reduced to a minimum.

While the procedure is designed specifical-
ly for use in the analysis of particular struc-
tures, other wye branches of similar form
may be analyzed and the results obtained
from adifferent set of continuity equations.

Rib shortening and shear deflection of the
stiffener beams have been introduced into
the method, as well as a variable flange
width. Theeffects of end loads and conicity
of the outlet pipes has been neglected as
being small in comparison to the vertical
load on the beams. Illustrative examples
aredgiven of each type of wye branchanal-
yzed.



Introduction

A penstock branchconnection is a compli-
cated structure, usually having several
stiffening beamsto resist the loads applied
by the shell of the pipe, and often having
internal tension members called tie rods.
The purpose of thetie rods isto assist the
stiffening beams in carrying the applied
loads.

In order to analyze the branch connection,
many simplifications and approximations
must be utilized. The localized effect of
structural discontinuities, restraints of the
stiffening beams, methods of support and
dead load of the filled pipe have been neg-
lected.

Structural analysis of the pipebranchcon-
nection consists in general of four parts:

a. Determination of the part of the
structure which resists the unbal-
anced load.

b. Determination of the load imposedon
the resisting members.

¢. Analysis of the loaded structure.

d. Interpretation of the findings of the
analysis.

The parts of the branch connection re-
sisting the unbalanced pressure load are
assumed to consist of the external stiffen-

ing beams and rings, the internal tie rods,
and the portion of the pipe shell adjacent
to the stiffener acting integrally as an effec-
tive flange.

The stiffener beams areassumed to carry
the vertical component of the membrane
girth stressresultantat the line of attach-
ment of the shell to the stiffener. This load
varieslinearlyfrom zeroat the top center-
line of the pipe to a maximum at the hori-
zontal centerline of the pipe,

The intersecting beams and tie rods are
analyzed as a statically indeterminate
structure by the virtual work method, uti-
lizing the conditions of continuity at the
junctions of the beams and rods to deter-
mine the moments and shears at the ends
of the individual beams and rods.

Interpretation of the stresses obtained in
any structure is done by appraisal of the
general acceptability of the assumptions
made in the method of structural action, the
applied loading, and the accuracy of the an-
alysis. For theconditionsgiven, the meth-
ods presented herein are considered to rep-
resent the best currently available solu-
tion for determination of stresses in wye
branches,

Appendixes I and II present model studies
and prototype results compared to the com-
puted stresses.



Symmetrical Trifurcation

Members

In the symmetrical trifurcation shown in
Figure 1, and on Drawing No. 1, the struc-
tures requiring analysis are the primary
load carrying members, whichare the re-
inforcing rings 'OA' and 'OB', and the
tie rods at 'O' and 'C'. The appiiedload-
ing on the structure will be carried by bend-
ing, shear, and tension of the reinforcing
beams, assisted by the tie rods.

I0ads

Consider the large elliptical beam 'OB',
Itis assumed to be loaded by vertical forces
varying linearly from zero at x=0 to
p(ry cos g q + ry cos §g)at x = xg(where
P is the internal pressure), by the forces
V1 and Vo due to tie rod tensions at'Q'
and 'C' (in'the plan view on Drawing No, 1),
and by the end moment My. The linearly
varying portion of the loa)d:l represents the
vertical component of the circumferential

stress resultant of acylindrical shell. The
horizontal component of this resultant is
reacted by an equal and opposite load from
the adjacent shell.

In the case of conical outlet pipes, it may
be determined that the vertical loading giv-
en by the above formulais somewhat below
the actual value. For atypical conicalshell
(85 =35°,¢ 9 =12°), the total load applied
to the beam by the shell will be approxi-
mately 12 percent more than the assumed
load given here.

Effective Flange Width

From the shape of an assumed moment dia-
gram we may approximate the amount of
the shell acting as an effective flange width
(seeReferences dande). The moment dia-
gramis divided into parts, each part fitting
a shape for which the flange width is known.
The effective flange width is assumed tobe
a continuous function, and an approximation
of the flange width is made at points along

Figure 1. --Symmetrical Trifurcation



the elastic axis of the beam from the shape
of the moment diagram at these points.
The angle at which the shell intercepts the
beam is considered inconsequential, since
the flange effect is obtained by shear of the
pipe walls.

The way in whichthe effective flange width
is chosen is largely a matter of judgment
and experience (see References b, ¢, 4,
and e). However, previous analyses show
that some latitude may be tolerated in
choosing an effective flange width without
seriously affecting the final results. The
assumed elastic axis is divided into four
equal parts in each interval. The centroid
of the beam is located, using the effective
flange width at each point. The revised
elastic axis is plotted through the cen-
troids, and divided into four equal seg-
ments in each interval as before. The
moments of inertia of the beam at thevar-
ious points are then computed including
the effective flange widths.

Equations for Moment, Shear, and Tension

The elastic axis of the beam is in three
regions of loading, eachofwhichisdivided
into four equal parts. Writing the ex-
pressions for the moment, shear, andten-
sion in the beam, we have for the region

0<x<x,,

M-ML-I-VJ_X +§§)

v.<v1+&2£> cos B,

T-(V,_ +¥> sin B,

where

I{_p(rm cos O, + T, cos 93)_

Xs

and £ is the angle between a vertical line
and aline perpendicular to the elastic axis,
&s shown on the drawing.

For the region x, <x <xg4,
M=) +V,x +V,(x - x,) +5§3,
v-(vl"’va*'%) cos ﬁ,

T-<v1+v2+5§f) sin B,

and for the region Xg <x <X,
M= M+ Vix +V,(x -x‘)+%< '§‘a>’
v-(v1 +v2+5§> cos B,

T-<v1+v2+-12§> gin B .

Deflection and Rotation of Members

The equations for the deflection and rota-
tion of beam 'OB' at Point 'O' are(in-
cluding the effects of shear deflection and
rib shortening):

X2 X2 X2
Mnds ¥
an [ e [ TR OB
%o Xo *o
m=x, v=cosf, t=sinp,
X2

*'[ %: m=1, v=0, t=0,
1]

The equation for the deflection of the beam
at Point 'C' is

X2 %o 2
e e o
4 4 :

4

m=(x-x), ve=cosB, t=sinp.

These equations are now integrated using
Simpson's Rule and the accompanying tab-
ular form. Applying the rule to our pres-
ent problem, we have:
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MoAs 2 ' Vvas } TtAs 12
A= —— — —
EI u - - “
EA a, 2‘[ M +vx+ Vo(x = x.)] (x - x,) EI

+(V, +7,)(1.6 cos® p +1) A—EZ ]

As
*'3—2(y‘+l&ys+ar° +hy7+ye)

kx> as B
T(x-x‘)ﬁ+T(1-6c0528+1)éﬁé]

+
Rl P

a "
* —? (ye + l“ys + 2'710 + hyn. + y;_z)’

b2 2
8 2
where Vo = -l\é—g:n + % + % at Point'0’, + [ - (x- 3 x)(x - x,) QE%

-Mm , Vv , Tt i
V1= g +CTA +EA at Point 1, etc.

7

2
+% (1.6 cos® g +1) %]
Performing this integration, we have for
the deflection of the beam 'OB' at Point

'O' i T e — =
‘ ’(assummg G T 9) where v
For the rotation of the beam at Point 'O’,
. : 2 Xs
x As Ag
12 ‘y.Z( +vx)—+z =+
A-y[(lﬁ+V1x)(x)%+vl(1.6coezﬂ+1)Q-E::| - & v R 5 ¥EI
x—t (] (]
L
. ¥ se Ha K3
8 As
+ i[%i(x)%-;+n?2(l.6cosz B+1)%i] 2 Valx - x,) EI"'Z - &- %xa) E
% Xq Xs
* Turni ttenti to the ring desi
_ o8 2 aa urning our attention now to the ring desig-
* Z[ Valx = x,)(x) G + V(1.6 cos® p +2) EA] nated 'OA', a similar procedure maybe
. followed and the deflection and rotation of
the end of the ring computed. For thering
'OA', the equation for the deflection of the
ring at Point 'O' is:
N2 Kx’: Kxi
[T @B E st rn ] x % 3
xa v
A' = f % + f —m + [ A
x"’ x(') X,

and for the deflection at Point 'C', where



m=x', v=cosp, t=sinpB,

P(ry coe 6, + r! cos 0,)
and Kl-—lL ;H .
.

This becomes:

t
Xs

A= Z l:(ms + Vxt) (x*) %

%o

1
Xy

+ t{wt)3
+ Vy(1.6 cos® p + 1) %] + Z[K

t
xO

(x*) %:9[-' + E%LE (1.6 cos® 8 +1) %]

xé K (xl)z

i

1
X4

- 8 B

K (x})?

t—3

(1.6 cos® g +1) %] .

Also, forthe rotation of the ring at 'C' we
have:

vhere m=]1, v=0,and t=0.

This becomes:

x4 x4

As' k' (x')2 As'

e ) g evan §E e ) -3
X5 x5

x'a K'(xi)z 2 As!
+ Z s (' - 2x)) §F.
x4

Final Equations

The deflection of beam 'OB' at Point 'C'
is set equal to the elongation of the tie rod
at 'C'. The deflection of the beam 'OB!'
at Point 'O' is equal to the elongation of
the tie rod at Point 'O'. Also the deflec-
tion of the ring 'OA' atPoint 'O' is equal
to the elongation of the tie rod at 'O'.

The rotation of the end of beam 'OB' mul-
tiplied by the cosine of the angle between
the ring and the penstock centerline is equal
and opposite to the rotation of the endof
the ring 'OA' multiplied by the cosine of
the angle between the beam and the penstock
centerline, Also, the components of the
end moments along the axis of the penstock
are equal, from vector considerations.
The above procedure yields the basic con-
tinuity equations for the symmetrical tri-
furcation, which are:
At 'O,
2A= 0 (2 equations),
z‘l’ = O:
ZM=0,
and at 'C',
2A=0.

These equations become:

where IV = 2 (V1 + V3) for the symmetri-

cal trifurcation,

¥ cos 6‘--t' cos el,a.nd



M, cos 8 EMs cos 6,

where

L , A =length and area of rod at 'Q!,
and

Ley Ac =length and area of rod at 'C!,

(If no tie rods are provided, Vo becomes
zero and A is eliminated. Then A=A '
and V9 + Vg =0 are the deflection and
shear equations.)

These are our five equations in five un-
knowns. Solving for the unknowns and re-
substituting their values into the original
equations enables us todetermine the mo-
ment, shear, and tension at the various
points along the elastic axis of the beam
and ring (see Drawing No. 2). Moment,
shear, and tension diagrams may then be
plotted. The compatibility of the actual
values of rotation and deflection obtained
from the foregoing equations will comprise
one effective check on the computations.

Computation of Stresses

From the values of moment and tension,
the stress may be computed at the different
locatzions in the beam and ring on Drawing
No. 2.

An appropriate curvature factor may be
applied to the bending stress. The illus-
trative examples in the appendixes show
the results of model studies and field tests
on two structures.

The values of stress found at the various
points in the structure should then be com-
pared with the allowable working stress of
the material. Atthe inside edge of the beam
atthe horizontal centerline, critical stress-
es are likely to be found. Also, highly
stressed regions are likely to occur in re-
gions adjacent to the tie rods. Based on
Judgment, the stresses at these points might
be accepted at values higher than the usual
allowable working stress.

In the example shown, stresses have been
computed for aninternal pressure of 1 psi.

Figure 2. --Symmetrical Bifurcation



Symmetrical Bifurcation

Deflection and Rotation of Members

For the symmetrical bifurcation with one
tie rod (see Figure 2), DrawingNo. 3 shows
the equations for deflectionand rotation of
the ends of the members.

Final Equations

Five equations in the five unknowns are:
The sum of the moments is zero, the sum
of the vertical shears is zero, the deflec-
tions of the ends of the beam and ring are
equal, the sum of the rotations is zero,

Unsymmetrical

Equations

The analysis of the unsymmetrical bifurca-
tion (see Figure 3) is shown on Drawing No.
5. A procedure similar to that already
described is followed in developing the

and the deflection of the beam at the tie
rod is equal to the elongation of the rod.
(If no tie rod is provided, Vg becomes
zero, and the equation for A, is elim-
inated. If two tie rods are provided, the
deflections of the ends of the beam and ring
are equated to the tie-rod elongation. )

Computation of Stresses

Stresses in the symmetrical bifurcation
may be computed on Drawing No. 4. A
typical example is shown with an internal
pressure of 1 psi.

Bifurcation

equations for deflectionand rotation of the
ring 'OA' and the beam 'OB' at Point
'0'., These equations are identical with
those given for the symmetrical trifurca-
tion.

Figure 3. --Unsymmetrical Bifurcation
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In the case where a second ring, 'OD',
is used on the connection, the expressions
for the moment, shear, and tension in the
ring are

M-H‘i-v‘Rsinq)
V-V‘ cos @

T=V, sin¢g

where the angle ¢ is measured from the
vertical centerline of the pipe in the plane
of the ring.

For the second ring, 'OD', the equations
for the deflection and rotationat Point 'O!
may be written as

KR+ f Ay
Elg

AR =

2.8274 V R + (L.h2 JTt + c)pr R
EAp

+

where
r = inside radius of cylindrical shell,

R = radius to center of gravity of ring
cross section,

Iz = Moment of inertia of ring cross sec-
tion, using the effective flange width
w=1,56 Vrt+c where c is the
web thickness, and t isthe shell
thickness,

Ag = cross sectional area of ring

and

X
v - 2 MR + V R?
R Elg

where M4 and V4 are the end moment and
shear on the ring 'OD'.

Final Equations

We may write the final equations for the
deflections, rotations, and moments of the
common junction in a manner similar to
that described for symmetrical junctions
as follows:

-VaL
b= TRE

(v, +V +V) L
2

=1

-(vl + vs: v‘) L
2 AE

Al =

N ‘("1 +2viﬁ+ v‘) L

¥g sin (6, + 6,) + ¥' cos §

+¥cos 6, =0

N,.cose,_-!dscos 8,

¥ sin 6, + M sin 6, = M,

(If no tie rods are provided, V9 becomes
zero and A is eliminated. Then Vi +
Vg+V4a =0, A= A" and A= AR are the
shear and deflection equations.) These
areour seven equations in seven unknowns.

Computation of Stresses

Substitution of these quantities into the
expressions for moment, shear, and ten-
sion enables one to evaluate the stress in
the beams and rings on Drawing No.. 6 in
the same manner as for the trifurcation
previously treated. The stresses in the
example are for an internal pressure of 1
psi.



General

Development of Equations for End Rotation

The equation for the sum of the rotations of
the ends of the beams and rings isderived
as follows (neglecting twisting of the mem-
bers): Avertical plane of principal rotation
is assumed, passing through the common
junction. The actual rotations of the ends
of thebeams are projecteduponthis plane.
The projected rotation of each beam and
ring is then equal to the angle of principal
rotation. The resultingequations may then
be solved for the final equation of vector
summation of the beam rotations.

For the case where the ring 'OD' islocated
at an angle 85 from the upstream axis of

the penstock, the equation for summation
of the rotations is:

Vg sin (6, + 6,) + ¥* sin (o, - 0,)
+ysin (o, +6) =0

Special Designs

For the case of an unsymmetrical bifur-
cation without tie rods, we have six un-
knowns--the shear and moment on the end
of each beam. The six equations at the
common junction are: The sum of the
shearsisequal tozero, the sum of the mo-
ments is equal to zero (2), the vector sum
of the rotations of the ends of the beams is
equal to zero, and the sum of the deflec-
tions of the ends of the beams is equal to
zero (2).

Forthe case ofan unsymmetrical trifurca-
tion, referring to Drawing No. 1, we now
have 10 unknowns: Shear and moment on
the end of each beam and ring (8), and the
two shears onthe intermediate tie rods (2).
We also have 10 equations: The deflections
of the beams at the intermediate tie rods

are equal to the tie-rod elongation (2), the
deflections of the ends of the beams are
equal to the elongation of the tie rod (4),
the vector sum of the rotations iszero(2),
?Z%d the summation of the moments is zero

For any other general case ora wye branch
connection of this type, adaption can be
made of the general equations and the pro-
cedures outlined to obtain a solution to
problems similar to those glven. For in-
stance, if n beams have a common co-
planar junction without tié rods, the 2n
unknowns may be obtained by solving the
following set of equations: (n-1) equations
involving deflections of the ends of the
beams, the equation of the sum of the end
shearsto zero, the sum of the end moments
equated to zero about a pair of orthogonal
axes, and (n-2) equations of the rotations
of the ends of the beams.

In closing, itis considered that the methods
provided herein constitute a suitable engi-
neering solution to a very complicated
problem. While refinements have been in-
troduced into the method, the fundamental
assumptions of loading and structural ac-
tiondetermine the accuracyof the solution.

Stresses caused by erection procedures and
dead loads have not been considered. The
support structures contribute to the proto-
type stresses, and should be designed with
care.

For a more rapid method of preliminary
design, the members may be considered
asalternately pinned- or fixed-ended. The
number of intervals taken for integration
may be halved, and the flange widths may
be assumed. Thiswill substantially reduce
the labor involved.
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Appendix |

Stress analysis of pipe branch~~Glendo Dam
Missouri River Basin Project

Introduction

Anexperimental study has been made of the
stresses existing in the Glendo Dam outlet
pipes at the first branch immediately down-
stream from the surge tank, anunsymmet-

rical bifurcation.

Four different reinforcement schemes
were considered., These were;

a. Two-way reinforcement.

b. Two-way reinforcement with revi-
sion of larger U-beam.

¢. Three-way reinforcement by addi-
tion of third ring to the model in b.

above.

d. Three-way reinforcement as in c.

above with the outside flange of the
largest U-beam doubled in thickness
for a distance of approximately 11
feet on each side of theline of sym-
metry.

A scale model was constructed of sheet
plastic. Compressedair wasused to apply
an internal pressure to the structure.
Stresses were determined byuse of strain

gages.
Results

Stresses have been determined at various
points on the U-beams of the two-way rein-
forcement system, onthe twotie rods, and
at certain points on the pipe shell. These
locations are indicated on Figure 4.

Table 1 gives stress values at the various
points. These stressesare for an internal
pressure of 85 psi acting in the prototype
structure.

TABLE 1--EXPERIMENTAL MODEL STRESSES IN THE
UNSYMMETRICAL BIFURCATION

GLENDO DAM--MISSOURI RIVER BASIN PROJECT

Point Scheme a Scheme b Scheme ¢ Scheme d
1 32, 100 27, 700 26, 900 26, 300
2 - 2,100 0 0 - 1,200
3 10, 800 4, 200 7, 900 7, 800
4 13, 900 11, 700 13, 000 12,700
5 18, 300 12, 100 10, 800 10, 000
6 10, 600 10, 300 10, 700 10, 500
7 10, 000 10, 200 10, 300 10, 100
8 4,100 3, 900 4,100 -—

9 1, 200 1, 200 1, 600 --
10 1, 900 1, 800 2, 400 --
11 6, 900 8, 400 7, 000 -
12 4, 200 4, 500 3, 700 --
13 - 19, 700 10, 300 --
14 -- 22, 200 -- -—
15 - 286, 200 -- -
16 - 26, 800 7, 500 --
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Third reinforcement ring
\

Points 13, 14, 15, and (6 located
15" from center of tie rod.

HyS
‘i_ Penstock pipe---""y
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/
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NOTE
For structure dimensions
see Drawing 449-D-~178.

-—->

PRINCIPAL STRESS DIRECTIONS
POINTS 13, 14, 15, AND 16
i

1] 0'- 64 )'i
b4 !
5

(
1 '
A gl |8 Line of symmetry--""y 7
A-A SECTION B-B

SECTION

449-PEL- |

DEG. 20, 1955
Figure 4. --Glendo Dam Penstock and Outlet Pipe Branch--Location of
Stress Points
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Conclusions

The regions of high stresses can be seen
from a study of Table 1. These high
stresses exist in the crotch of the large
U-beam (Point 1), in the U-beam where it
joins the intermediate tie rod (Point 5), and
in the shell in the vicinity of the junction of
the U-beams (Points 13, 14, 15, and 16.)

Increasing the depth of the large U-beam
(Scheme b) lowered the stress at Point 5 by
nearly 50 percent. AtPoint1, inthe crotch
of the large U-beam, the stress decreased
by less than 15 percent. Stresses in the
pipe shell remained virtually unchanged.

The addition of the third reinforcement ring
(Scheme c) had a small effect on stresses
in the U-beams. At Point 5the stress was
reduced about 10 percent over Scheme b,
while at Point 1 the stress reduction over

Scheme b was less than 5 percent. How-
ever, stresses in the pipe shell in the vi-
cinity of the junction of the U-beams were
reduced 50 to 75 percent, to values which
are within the usual allowable limits.

Adding a cover plate to part of the length
of the outside flange of the large U-beam
(Scheme d) caused insignificant changes in
the stresses.

Basic Data

Inside diameter of pipe 21 O
DPlate thickness of pipe 13/16"
Plate thickness of U-beams 2=-1/2"
Diameter of tie rods 15"
Internal water pressure 85 psi

Technical Details

A scale model of the pipe branch wascon~
structed of transparent plastic, cast methyl
methacrylate., A shell plate thickness of

Figure 5. --Glendo Dam Penstock and Outlet Pipe Branch--Model
' Arrangement
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0.04 inch was used., This gave a scale
factor of approximately one -twentieth
(0.04923). The stiffener rings werefabri-
catedfrom 0.05-inch~thick plastic, and the
webs and flanges of the U-beams were made
from material 1/8 inch thick, The penstock
pipe extended approximately 1 pipe diam-
eter upstream and 2 diameters downstream
from the intersection of the U-beams. The
outlet pipe extended approximately 1-1/2
diameters downstream from the intersec-
tion.

The model was loaded internally with air
pressure. The air was introducedthrough
a pressure valve by usingatire pump. The
applied pressure was measured withamer-
cury U-tube manometer,

The arrangement of the model, the tire
pump, and the manometer can be seen in
Figure 5.

Strain gages were installed at the various
points at which the stresses were desired.
Two types of linear gages were used.

Rosette-type gages were installed on the
pipe shell in the vicinity of the junction of

the U-beams and readings taken for rein-
forcement Scheme a. The results were
rather high and the calculated directions
of maximum stress inconsistent with what
might be expected and also inconsistent
between different points. The gage meas-
ures the average strain over an area cov-
ered by the three legs of the gage. Since
the strain changes very rapidly in the vi-
cinity of the U-beam intersection, the spac-
ingbetween legs of the strain gage is signi-
ficant. For Schemesb and c the procedure
was modified, Linear-type gages werein-
stalled and read successively at the same
point but rotated 45° each time to get the
data required to compute the principal
stresses and their directions.

Where possible, duplicate gages were in-
stalled at symmetrical points on the struc-
ture. The stresses given are the mean
values for such points.

Field Data

Strain measurements were conducted in
the field during installation of the penstock
branch at Glendo Dam. Table 2 shows the
results of these measurements compared
to the model tests and computed values.

TABLE 2--COMPARATIVE STRESSES IN THE UNSYMMETRICAL

BIFURCATION

GLENDO DAM--MISSOURI RIVER BASIN PROJECT

Point F'ield test Model test Computed
1 217, 400 psi 26, 900 28, 200
2 - 0 - 2,800
3 - 7, 900 6, 200
4 11, 200 13, 000 10, 300
5 27, 000 10, 800 14, 900
6 9, 100 10, 700 11, 300
7 14, 600 10, 300 11, 300
8 3, 700 4,100 3, b0O
g 1, 900 1, 600 3, 600

10 -- 2, 400 3, 800
11 7, 100 7, 000 8, 800
12 2, 600 3, 700 - 2,400
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Appendix |l

Experimental stress study of outlet pipe
manifold--WYE W1
Palisades Dam and Powerplant
Palisades Project

Introduction

A stress study was made of the Palisades
Dam outlet pipe manifold, using a plastic
model with strain gages. This study con-
sidered the stresses caused by internal
pressure only and concentrated on deter-
mination of the stress condition primarily
in the region of the horizontal centerline
of the elliptical beam.

Results

The prototype stresses shown in Figure 6
were for a uniform internal pressure of
110 psi. The maximum stress (12,500
psi) occurred in the center pipe branch on
the horizontal centerline near the U-beam
crotch. The croich stress in the large
U-beam was 12, 200 psi and in the small
U-beam 11,500 psi, Strain gages were
also installed on the vertical and horizon-
tal centerlines of the branch pipes. A max-
imum stress of about 10, 500 psi occurred
on the horizontal centerline of the center
pipe branch and on the outer side of the out-
sidebranches. The stressinthe horizontal

A-frame was approximately 2,000 psi inthe
legs, and 4, 500 psi in the cross member.
Cutting the legs free from the U-beam
crotch had no significant effect on the
stresses. By observingthe cutsections as
the load was applied, it was found that the
large U-beam crotch moved slightly away
from the longitudinal centerline.

Conclusions

Since the stresses of this study were well
below the maximum allowable for aninter-
nal pressure of 110 psi, no attempt was
made to lower them by altering the model.

Basic Data

Inside diameter of main pipe 26'Q"
Inside diameter of center branch

straight pipe 131"
Inside diameter of outside branch

straight pipes 160"
Plate thickness of main pipe and

conical branch pipes 1-1/4"

Plate thickness of center branch
straight pipe 5/8"
Plate thickness of outside branch
straight pipes 13/16"
Plate thickness of U-beams 2-1/4"
Diameter of tie rods io"
Internal water pressure 110 psi

TABLE 3--COMPARATIVE STRESSES IN THE SYMMETRICAL

TRIFURCATION

PALISADES DAM--PALISADES PROJECT

Point Field test Model test Computed

Horizontal €

of beam .

(Inside) 17,000 12, 200 psi 14, 500 psi

(Outside) - 1, 600 500 - 110
Horizontal €

of Ring

(Inside) 7,000 11, 500 10, 800

(Outside) 9, 000 2, 500 - 3,900
Long tie rod 4, 000 2, 500 8, 700
Short tie rod 8, 000 7, 200 10, 400

1!‘1



Technical Details

A one-twentieth scale model of the pipe
manifold was constructed of transparent
plastic, cast methyl methacrylate. A
straight main pipe extending an equivalent
of 36 feet upstream from the center of the
maintie rod was used. Straightpipeswere
attached to the ends of the conical pipes ex-
tending anequivalent of 25 feet downstream
on the outside branches and 17 feet on the
center branch. The branch pipes were
sealed with a 1/4-inch-thick plastic plate,
and the main pipe with a 1/2-inch-thick
plate. Details of the model are shown in

Figures 7 through 10.

The model was loaded internally with air
pressure, introduced by a tire pump. The
pressure was measured with a mercury
U-tube manometer.

Strain readings were taken for modelloads
of 4, 6, and 8 Inches of mercury.

Field Data

A comparison of the stresses obtained by
the three methods is shown in Table 3.

18
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60 PLAN
<N\ (Shell Stresses)

NOTES //
o indicates location of stress.
Stresses are in kips per square inch 10.4

due to an internal pressure of
110 pounds per square inch.

~ is compression.

For structure dimensions see
Drawing 456-D - 88.

Cutting A-frame had no noticeable
effect on stresses.

! Top 4.8
| [Bottom 3.9
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Figure 6. --Palisades Dam and Powerplant Outlet Pipe Manifold--Wye W1
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Figure 7. --Palisades Dam and Powerplant Outlet Pipe Manifold--Wye W1--
Test Arrangement

107 =F=1815

Figure 8. --Palisades Dam and Powerplant Outlet Pipe Manifold--Wye W1--
Looking Downstream at Model



Figure 9. --Palisades Dam and Powerplant Outlet Pipe Manifold--Wye W1--
Looking Uostream at Model

Figure 10. --Palisades Dam and Pgwerplant Outlet Pipe Manifold--Wye W1-
i Frame
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